should play a bigger role in determining response, translated into stronger association between 5-HTT polymorphisms and fluvoxamine response. Still, the more simplistic explanation for our negative results is that 5-HTT variants do not play a major role in determining clozapine response, which does not contradict the previous finding of association with response to antidepressants acting on the serotonergic system.
Analysis of parental-origin effects in linkage data
SIR -Hall postulated that one explanation for a nonMendelian inheritance pattern in complex diseases is due to the presence of susceptibility loci which demonstrate parental-origin effects, or genomic imprinting. 1 There has been considerable interest in the differential behavior of alleles based on parental sex in bipolar affective disorder on chromosome 18.
2-4 However, potential complexities result from the classification of families into 'parental', 'maternal' and 'other' where in fact such 'parental' pedigrees are defined as having either an affected father, or sib or parent of the father affected. Gershon 3 acknowledged that the classification of a particular pedigree can be rather arbitrary and makes the unstated assumption of intra-familial locus homogeneity-all affected individuals within each pedigree are due to the same locus. Thus, analysis of 'paternal' and 'maternal' pedigrees separately may not be entirely appropriate. Pairwise parametric linkage analysis with separate estimation of recombination distances in paternal and maternal chromosomes has been suggested as a way to demonstrate imprinting 5 -this is, in fact, recommended as routine for all linkage analysis. 6 Similarly, affected sibpair analysis performed after families have been divided into 'paternal' and 'maternal' has weaknesses, since it does not take into account whether the shared alleles are inherited from Molecular Psychiatry the affected, unaffected, or both parents. Stine et al 2 faced this problem in their chromosome 18 study-in pedigrees with 'paternal' bipolar or recurrent unipolar disorder there was excess sharing of maternal alleles, but not paternal alleles at D18S464. A similar discordant finding arose in a recent study using a parametric approach; 4 the most significant pairwise result from the whole study is at D18S453 in 'paternal' families using a recessive model (lod = 1.91 at = 0.0), while with a dominant model the evidence for linkage was lower (lod 0.47, = 0.1). The evidence for linkage at this marker in these 'paternal' families is strongest using a recessive model, suggesting that disease alleles have to be inherited from both the mother and father.
One alternative in 'non-parametric' analysis is to look at the inheritance of maternal and paternal alleles, without considering whether these alleles are 'affected' or 'unaffected'. Analysis of parental origin of alleles shared identical by descent does not depend upon the questionable basis of using the affection status of parents. This should be performed pairwise initially, and then, to take into account parental sex-differences in the maps using sex-specific genetic maps for multipoint analysis. This is important since around the centromere on chromosome 18, the female/male distance ratio is Ͼ8.
7 Such analysis can be performed using the sib ibd option in ASPEX. 8 Admittedly, such analysis may lead to a slight reduction of power because it fails to include phenotype information from affected parents. However, when faced with the current state of linkage on chromosome 18 in bipolar disease, where the whole of the chromosome is implicated, 9 such an analytical approach may allow some clarity from studies looking at parental origin. Such an approach would go some way to helping the field aim at the goal of science as envisaged by Karl Popper, 'We can never rationally establish the truth of scientific laws; all we can do is $ to eliminate the false ones'. 10 Finally, there is the issue of genetic maps used by Nö then and colleagues 4 which were generated from their pedigrees. When the inter-marker distances between the second (D18S62) and last microsatellite markers (D18S70) are summed, the total distance is 2.106 M in females and 1.842 M in males (assuming = 1 M, from Table 1 in Nö then et al 4 ) . This compares with inter-marker distance between the same markers of 1.44 M and 0.72 M in female and male genetic maps from reference pedigrees where close double recombinants have been scrutinized (http://www.marshmed. org/genetics/). 7 It is surprising that Nö then and colleagues 4 estimate the inter-marker distance between D18S36-D18S39 as f = 0.702, and between D18S392-D18S541 as m = 0.87 (their Table 1 ). These same intervals in reference pedigrees are separated by 31 cM and 6.7 cM respectively in the appropriate sex-specific genetic maps. 7 Any value of Ͼ0.5 infers no linkage of loci, and although certain programs produce estimates Ͼ0.5, it is sensible to constrain such estimates to = 0.5. This is particularly important since the authors then used these estimates to produce a sex-averaged genetic map for their multipoint analysis. Even when intervals where Ͼ0.5 are constrained to 0.5, then between D18S62-D18S70 the map by Nö then 4 is still inflated (f = 1.904, m = 1.472) compared to the reference map (144 cM and 72 cM). 7 Marker order mis-specification, and/or genotyping error are well-recognized causes of elevated inter-marker recombination fractions. It may be useful for Nö then and colleagues to construct haplotypes in their families to assist in identification of double recombinants flanking a relative short genetic distance, which are suggestive of genotyping error because of the phenomenon of meiotic interference. Furthermore, mis-specification of parameters in multipoint linkage analysis has been shown to influence the evidence for linkage, in some cases with relatively large effects. 11, 12 If in addition a susceptibility locus demonstrates parent-of-origin effects, then the effects of misspecification may be substantial. There is a general agreement that linkage reports in complex traits need replication to become credible, 1 notwithstanding that replication in these situations is not without problems.
AD Paterson
2 In our analysis of chromosome 18 linkage data in bipolar disorder we tried to replicate the results of earlier investigators 3, 4 by applying methods that were previously shown to provide evidence for linkage. We agree that the classification of a particular pedigree into 'paternal' or 'maternal' trait transmission can be arbitrary and that this strategy, therefore, may not be the most appropriate to account for possible imprinting effects. This strategy simply aims to select for families in which it is more likely that a disease allele at a locus subject to imprinting shows an effect in comparison to a randomly selected family.
Dr Paterson points out that the analysis of imprinting effects may be confounded by differences in sex-specific recombination rates. This is certainly true for twopoint linkage analysis where chances are high that linkage is 'found' to a gene with a parental-origin effect, when in fact the finding is caused by a difference between male and female recombination rate-and vice versa. It should be noted that confounding strongly depends on pedigree structure. We agree with Dr Paterson that imprinting analysis should be performed in a multi-marker environment. However, we would like to point out that effects of sex-specific recombination rates may be of less concern in a multimarker analysis.
Let us focus on a multi-marker analysis where the putative disease locus is positioned within the map, ie, between two flanking markers. Off-end positions of the disease locus are nearly equivalent to the single-marker situation, resulting in the confounding problem. We believe that confounding of imprinting and sex differences in recombination rates does not happen in the flanking marker situation, even if we use sex-averaged marker distances. For instance, let us assume a disease locus with true imprinting. Unlike with single-marker analysis, non-penetrant individuals in a pedigree cannot be explained by fictitious recombinations in one sex-since this would require a double recombination between flanking markers which is very unlikely to occur. (In this context, it may be important to point out that prior to the analysis, our data set was screened for double recombinations on the level of the markers as a check for possible genotyping errors or data entry flaws.) The same reasoning holds for a disease locus without imprinting, but in a region with sex-dependent recombination rates: even if we have a significantly higher frequency of recombinations in one sex, the true disease locus is still enclosed between two flanking markers. And, with double recombinations being unlikely, the disease locus will show no recombination to at least one of both flanking markers-taking away the advantage of an analysis model that assumes imprinting over one that does not (since there is no longer a recombination which must be explained by a non-penetrant case).
Therefore, confounding should not be a serious problem for multi-marker analysis, no matter whether sexspecific recombination fractions are used or not. It is the highly reduced likelihood of double recombinants that gives rise to the strength of multi-marker analysis. In our opinion, this holds for parametric (likelihood/LOD score calculation with a given disease model) as well as for non-parametric analysis (allele sharing).
We admit that using sex-specific marker distances will enhance accuracy of likelihood calculation-and, therefore, increase power to detect linkage. This is a general issue in linkage analysis, and not specific to imprinting analysis and its confounding problems.
